ABSTRACT: A field experiment was conducted during the two successive seasons of 2012/2013 and 2013/2014 to explore the effect of compost/NPK and biofertilization treatments on essential oil, photosynthetic pigments and herb NPK content of fennel plants.
INTRODUCTION
One of the widely cultivate aromatic and medicinal plants in Egypt is Foeniculum vulgare, Miller (fennel) plant. It is a common winter annual herbaceous plant grown successfully in middle Egypt region and belonging to Fam. Apiaceae and considered as one of the ancient Egyptian herbs. Its fruits are used in medicinal folklore, bakery and food industry and the essential oil (2.5-5.0% of the fruits) is involved in different pharmaceutical purposes.
Many investigators revealed the effective role of organic fertilization treatments, from different sources, on promoting essential oil parameters, photosynthetic pigments and/or N, P and K contents of various aromatic seed plants. Examples are Khater (2001) and Abd El-Naeem (2008) on caraway; Rashed (2002) on three aromatic seed crops; Younis et al. (2004) on Khella; Abd El-Gawad (2007) and Abdalla (2009) on coriander; Hemdan (2008) and Ali et al. (2010) on anise and Helmy (2008) and Al-Shareif (2012) on Nigella sativa. In regard to mineral NPK fertilization, it was found that these treatments caused considerable augmentation in essential oil aspects, photosynthetic pigments and/ or N, P and K contents (Abd El-Kader and Ghaly, 2003 and Badran et al., 2013 on coriander; Badran et al, 2003 on anise; Salah-Eldeen, 2005 and Badran et al., 2007 on fennel and Badran et al., 2009 and Al-Shareif, 2012 on Nigella sativa). Similarly, positive effects due to N-fixing and/or P-dissolving bacteria were found by Rashed (2002) on three aromatic seed plants; Safwat and Badran (2002) and Shalateet (2006) on cumin; Mahfouz and Sharaf-Eldin (2007) and Tanious (2008) on fennel; Abd El-Naeem (2008) on caraway and Badran et al. (2009) and Badran et al. (2012) on Nigella sativa. So, the present investigation aimed to reach the most proper compost/NPK treatment in combination with biofertilizer treatment for producing the highest essential oil of fennel plants.
MATERIALS AND METHODS
This trial was carried out during the two successive seasons of 2012/2013 and 2013/2014 at Mattay, Minia Governorate, Egypt to investigate the effect of compost/NPK and biofertilizer treatments on essential oil parameters and some chemical constituents of fennel plants.
Fruits of fennel were sown on the last week of Oct. of both seasons in 3×3.60 meter plots with 60 cm distance between the rows and 50 cm between hills within each row. So, each plot contained 6 rows and 36 hills (2 plants/hill). Plants were thinned twice, 3 weeks from planting date and 2 weeks followed as usual. Physical and chemical properties of the soil are shown in Table (a). A complete randomized block design following the split-plot arrangement, in three replicates, was executed in this experiment with six compost/NPK treatments in the main plots (A) i.e. control, compost (7.5 ton/fed), ¾ compost + ¼ NPK, ½ compost + ½ NPK, ¼ compost + ¾ NPK and full dose of NPK. The full dose of mineral NPK was added at the rate of 200 kg/fed ammonium nitrate, 33.5% N; 150 kg/fed calcium superphosphate, 15.5% P 2 O 5 and 100 kg/ fed potassium sulphate, 48.55 K 2 O. While the full dose of compost (Compost El-Neel) was added at the rate of 7.5 ton/fed, with physical and chemical properties shown in Table (b). The sub-plots (B) were control, Minia Azotein, phosphorein and Minia Azotein plus phosphorein. The mineral N and K fertilizer amounts, for each treatment were divided into 3 batches and added after the last thinning and every three weeks thereafter. While compost and phosphorus fertilizer were added during soil preparation. The two biofertilizers, Minia Azotein and phosphorein were applied to the soil twice, after 6 and 10 weeks from planting date, at the rate of 50 ml/plant of each biofertilizer, and then plants were irrigated immediately.
Data were recorded for the three essential oil parameters, percent and yield per plant and per fed. according to the method of Gad et al. (1963) the three photosynthetic pigments, chlorophylls a, chlorophyll b and carotenoids contents were estimated using the method of Fadl and SeriEldeen (1978) . Also the herb contents of nitrogen, phosphorus and potassium were determined, according to Wilde et al. (1985) , Chapman and Prat (1975) and Cottenie et al. (1982) respectively, by multiplying the percent of each nutrient by the corresponding herb dry weight. All obtained data were statically analyzed following the L.S.D. method at 5% according to MSTAT-C (1986) .
RESULTS

Essential oil parameters:
Obtained data in Table ( 1) show that the five compost/NPK treatments, namely, full dose of compost (7.5 ton/ fed), ¾ compost + ¼ NPK, ½ compost + ½ NPK, ¼ compost + ¾ NPK and full dose of NPK caused noticeable and great increase in essential oil percent and yield per plant and per fed, in the two seasons, over those of control unfertilized plants. Such increase was significant due to all these five treatments for the essential oil yield per plant and per fed, but not significant only for full dose of compost in regard to essential oil percent in both seasons. Among the five examined compost/NPK treatments, each of the three essential oil parameters, was gradually increased, in ascending order, due to full dose of compost, ¾ compost + ¼ NPK, ½ compost + ½ NPK, ¼ compost + ¾ NPK and full dose of NPK. These results were almost identical in the two seasons as illustrated in Table (1). The increase in essential oil yield per fed due to the use of the previously mentioned five treatments, in comparison with control treatment, reached 52.7, 86.4, 113.0, 147.3 and 195.1% in the first season; and 66.9, 97.1, 140.6, 191.4 and 228 .6% respectively in the second season. The role of organic fertilization in augmenting essential oil parameters was reported by Abd El-Naeem (2008) Concerning biofertilization treatments, the three used ones, Minia Azotein, phosphorein and dual Minia Azotein/ phosphorein treatments caused an increase in essential oil percent and yield per plant and per fed, in both seasons, over those of control plants as shown in Table ( 1). The differences were significant only for the yield per plant and per fed with the highest values being given by the dual treatment (Minia Azotein + phosphorein) followed by Minia Azotein, while phosphorein gave the least values. The dual treatment increased essential oil yield/ fed by 19.4% in the first season, and by 18.4% in the second one in comparison with those of control plants as shown in Table ( 1). The increase in essential oil was also found on cumin (Safwat and Badran, 2002 and Shalateet, 2006) ; caraway (Abd El-Naeem, 2008); fennel (Tanious, 2008) and black cumin (Badran et al., 2012) .
The interaction between compost / NPK treatments and biofertilization treatments was significant, in both seasons, for the three fennel essential oil parameters, percent and yield per plant and per fed, as clearly shown in Table ( 1). The highest overall value for the three parameters was obtained when fennel plants were fertilized with the full dose of NPK in combination with the dual biofertilization treatment. However, from the practical, economical and environmental point of view, no significant differences were existed, in both seasons for the three essential oil parameters, between solely NPK traditional treatment and that of ½ compost + ½ NPK plus dual biofertilization treatment as clearly indicated in Table (1) .
Photosynthetic pigments:
The three photosynthetic pigments, chlorophyll a, chlorophyll b and carotenoids contents in the leaves of fennel plants were greatly promoted in the two seasons due to the use of all five compost and/or mineral NPK fertilization treatments in comparison with those of control treatment as shown in Table ( 2). Most of these fertilization treatments resulted in significant differences, for control treatment. The highest values in this concern were obtained from the three treatments of all NPK dose, ¼ compost + ¾ NPK and ½ compost + ½ NPK with no significant being obtained between such three treatments. These results were similar in the two experimental seasons as illustrated in Table ( In regard to biofertilization treatments, the obtained results in Table ( 2) showed that these treatments seemed to have slight influence on inducing the contents of chlorophyll a, chlorophyll b and carotenoids. Significant differences were detected only for chlorophyll a in the first season. Among the three biofertilization treatments, the dual one (Minia Azotein + phosphorein) surpassed the other two treatments in producing higher values of chlorophyll a and b and carotenoids contents in both seasons as shown in Table ( 2). In accordance with these findings were the results of Rashed (2002) on three aromatic seed plants; Shalateet (2006) The interaction between compost/ NPK and biofertilization treatments was significant for chlorophyll a and carotenoids contents in the two experimental seasons. However, the highest overall values for the three photosynthetic pigments were obtaind due to the full NPK, followed by ¼ compost + ¾ NPK and ½ compost + ½ NPK in combination with the dual Minia Azotein/phosphorein treatment as shown in Table ( 2).
Herb Contents of N, P and K:
Data in Table ( 3) showed that all five tested compost and/or NPK fertilization treatments caused significant promotion, in both first and second seasons, in each of nitrogen, phosphorus and potassium contents in the herb of fennel plants, in comparison with those of control plants. The highest increase, among these five treatments, for each one of three nutrients contents in the two seasons was attained by the full dose of NPK treatment, while the lowest increase was due to the full dose of compost treatment. Meanwhile, the three combined compost/NPK treatments gave intermediate increase as clearly illustrated in Table ( 3). The increase in herb N, P and K contents due to 100% compost and 100% NPK treatments, respectively, came to 14.3 and 68.6% for nitrogen; 33.7 and 132.7% for phosphorus and 24.0 and 66.1% for potassium in the first season. The corresponding increase in the second season reached 17.1 and 74.2% for nitrogen; 36.5 and 138.5% for phosphorus, and 13.7 and 55.0% for potassium.
The role of organic fertilization in promoting N, P and k contents was found by Khater (2001) , Rashed (2002) , Younis et al. (2004) , Abd El-Gawad (2007) and Ali et al. (2010) on caraway, 3 aromatic plants, Khella, coriander and anise respectively. While that of NPK fertilization was recognized on anise (Badran et al., 2003) ; fennel (Salah-Eldeen, 2005) and (Badran et al., 2007) ; black cumin (Badran et al., 2009) and coriander (Badran et al., 2013) .
L.S.D. at 5%
Herb nitrogen and potassium contents were significantly increased, in the two seasons, due to the use of dual biofertilization treatment (Minia Azotein + phosphorein) as shown in Table ( 3). Similar observation was found for phosphorus content but with no significant differences. In addition, each of Minia Azotein and phosphorein treatments caused an increase in N, P and K contents over those of control plants in both seasons, but the differences did not reach the level of significancy as indicated in Table ( 3). Some authors pointed out the role of biofertilization treatments in augmenting N, P and K contents such as Rashed (2002) The interaction between compost/NPK treatments and biofertilization treatments was significant for nitrogen, phosphorus and potassium contents in the two seasons as shown in Table ( 3). The highest overall values were those given by the full dose of NPK treatment in combination with any one of the three biofertilization treatments. In the second place came the treatment of ¼ compost + ¾ NPK in combination with the dual biofertilization treatment, (Table, 3 ).
DISCUSSION
The recommended dose of mineral NPK was applied to fennel plants to be compared with some organic and (N-fixing and/or Pdissolving bacteria) commercial products (Minia Azotein and/or phosphorein). It was found that NPK treatment overcame such compost and biofertilization treatments in essential oil yield and some chemical composition. The superiority of mineral NPK fertilization could be attributed to the unique biological and physiological roles of each one of such three essential elements in plant growth and development explained by Yagodin (1984) .
Nitrogen is a constituent of most organic compounds i.e. amino acids, nucleic acids (RNA and DNA) enzymes, alkaloids, vitamins, phosphatides, purine, and many energy transfer materials such as chlorophylls, ADP and ATP, Bidwall (1974) . Phosphorus which have been called the key to life is essential for cell division and for development of meristimatic tissue and it is very important for carbohydrate transformation duo to multitude of phosphorylation reaction and to energy rich phosphate bond, (Lambers et al., 2000) . Potassium is important for growth and elongation probably due to its function as an osmoticum and may react synergistically with IAA; moreover, it promotes CO2 as simulation and translocation of carbohydrates from the leaves to storage tissues (Mengel and Kirkby, 1987) . Follet et al. (1981) summarized the positive roles of organic fertilization in the following points:
 Increasing total nitrogen, organic matters and humus in soil.
 Improving soil properties and water holding capacity.
 Faster release of essential nutrients by microbial decomposition.
Different authors such as Hedge et al. (1999) and Hauwaka (2000) explained the roles of N-fixing bacteria in:
 Fixation of the atmospheric N which caused an increment of available N which increase, by sequence, the formation of many metabolites.
 Protecting their host plant against plant pathogens through the production of antibacterial and antifungal substances.
The enhancing effects of P-dissolving bacteria, on the other hand, were suggested by Abdou-Elnour et al. (1996) and Hauaka (2000) and could be summarized in:
 Producing growth hormones which promote plant growth and development.
 Establishment of strong root system is related to the level of available phosphate in the soil.
